We extend Bresnahan and Reiss's (1991) model of local oligopoly to allow firm entry and exit over time. In our framework, entrants have to incur sunk costs in order to enter a market. After becoming incumbents, they disregard these entry costs in deciding whether to continue operating or to exit. We apply this framework to study market structure and competitive conduct in local markets for high-speed Internet service from 1999 to 2003. Replication of Bresnahan and Reiss's framework generates unreasonable variation in firms' competitive conduct over time. This variation disappears when entry costs are allowed. We find that once the market has one to three firms, the next entrant has little effect on competitive conduct. We also find that entry costs vary with the order of entry, especially for early entrants. Our findings highlight the importance of sunk costs in determining entry conditions and inferences about firm conduct.
INTRODUCTION
Economists have long held that firms' market power to set price above marginal cost is inversely related to the number of firms competing in the market. However, it has been a serious challenge to establish the number of competing firms necessary to eliminate market power. Lack of data on prices, quantities, product characteristics, and cost structures makes it difficult to separate out the demand, technologic, and strategic factors determining firms' entry, exit, and pricing decisions.
A solution proposed in a series of prominent papers by Bresnahan and Reiss (1987 , 1990 , and 1991 is to use entry threshold ratios to measure changes in firms' competitive conduct as the number of competing firms increases across markets. If the first entrant has monopoly power to charge a high price, it can recover fixed entry and production costs with a relatively small number of units sold or customers served. As additional firms enter, their power to set price may diminish relative to the first entrant. In this scenario, as prices fall, a larger number of units or customers served is needed in order to recover the fixed costs. A greater market size increase is then necessary to induce the second entrant than was needed to induce the first entrant. An even larger market size increase is necessary to induce the third entrant than the second, and so on. Once entry thresholds stabilize with additional entrants, one can presume that competitive pricing conditions have been satisfied.
Since its coining, the entry threshold ratio concept has become enormously influential in the field of empirical industrial organization. Subsequent researchers further developed this methodology of combining a reduced-form profit function with a game theoretic model of entry and competition. 1 However, the Bresnahan and Reiss (henceforth BR) method has some limitations that restrict its use to certain types of markets. First, the procedure is best suited to geographically distinct local service markets 1 The main effort has been restoring differences among firms back into the model, which Bresnahan and Reiss abstract away. Berry (1992) incorporates heterogeneous potential entrants in his study of the airline market. Reiss (1996) discusses the modeling and computational issues in this type of multiple-agent qualitative response model. Toivanen and Waterson (2000, 2004) examine the UK fast food market in a Stackelberg theoretical framework. Mazzeo et al (2002 Mazzeo et al ( , 2003 Mazzeo et al ( , and 2004 introduce product differentiation into the BR framework in studies of motel, HMO, and telecommunication markets. Danis (2003) makes use of the identities of local exchanges in analyzing the equity option market. Seim (2004) estimates an entry model with location choices in the video retail industry. so that researchers can clearly define market boundaries. However, mobile populations may be willing to drive a considerable distance to access some service providers such as health practitioners or auto dealers, making it difficult to pin down the exact number of firms operating in the local market. Second, researchers often find that threshold ratios vary significantly across industries, implying large differences in competitive conduct across industries.
2 While differences in sunk costs or regulatory environment across industries offer possible explanations, these large differences in threshold ratios may suggest more variation in competitive conduct than actually exists. The most important limitation is that the BR empirical framework is based on cross sectional observations of markets in equilibrium. It is not clear that the framework applies equally well to markets facing rapid entry or exit.
Using time series observations of zip-code-level local markets for providers of high-speed lines
for Internet access, we seek to further the line of research initiated by Bresnahan and Reiss. The commercial provision of broadband services has expanded rapidly since 1998. Like other telecommunication industries, the competitive conduct of this thriving market has always been subject to scrutiny. This study will address the following questions: What factors encourage or deter provider entry?
How many providers must exist in a market to ensure effective competition? Do entry conditions and competitive conduct vary over time? Do entry costs vary with the order of entry?
We extend the BR framework by exploiting the rich information provided by the entry and exit patterns over time. Specifically, we allow two types of firms operating in a market at any given time:
entrants (who did not exist in the previous period) and incumbents (who can plan either to stay for the next period or to exit at the end of this period). We then link these firms' decisions regarding entry, continuation or exit to market size variations. New entrants, who incur sunk costs in order to enter a market, will only enter when market size has grown enough to cover their entry costs. Incumbent firms, however, do not take entry costs into consideration when deciding whether to continue operations or exit.
This distinction allows us to identify entry costs by comparing the entry thresholds for markets which have experienced entry or exit to entry thresholds for markets experiencing no entry or exit. Estimates from our model are also able to evaluate how competitive conduct changes as the number of providers increases in a local broadband market. Temporal variation in estimated entry thresholds will help us to determine the magnitude of demand growth and/or technologic improvement in these markets and how competitive conduct changes over time.
The results of our adapted framework are striking. Results from replicating the BR framework imply that entry conditions vary dramatically over time for the 4 th firm entering a 1-to-3 firm oligopoly market. In particular, entry conditions become increasingly more difficult for the 4 th firm over time. This unreasonable variation in entry conditions disappears when the estimation accommodates entry and exit.
Entry conditions for the 4 th firm and on are stable, implying that new firm entrants beyond the first three firms have little effect on competitive conduct. We also find that entry costs for early entrants are smaller than for later entrants, implying the existence of early mover advantages in this market. Overall, our results imply that sunk costs are a main determinant of entry thresholds. Ignoring sunk costs leads to biased measures of entry thresholds and misleading inferences about firms' competitive conduct.
The idea of using entry and exit thresholds to measure the importance of sunk costs was first used by Bresnahan and Reiss in a 1993 article published in Annales D'Economie Et De Statistique. They use 1980 and 1988 data on the location of rural dentists to estimate entry and exit thresholds. Finding dentists' exit thresholds well below their entry thresholds, they conclude that sunk costs play a significant role in dentists' entry decisions. While data limitations forced their empirical model to fall short of their desired fully dynamic model with forward-looking firms, 3 their paper does illustrate that sunk costs can have large effects on estimated thresholds when analyzing market entry and exit decisions. However, the 3 Bresnahan and Reiss build a highly stylized two-period model, in which firms are forward-looking to the demand and competitive conditions in the next period. However, they only have two years of data, 1980 and 1988. In the actual estimation, they have to treat the first period as a static reduced form as they do not know the entry patterns for the first period. They also constrain the number of firms in a hypothetical third period to be the same as in 1988 because they lack data for a third period.
numerous papers that extended the BR framework to other settings have not followed the path suggested by their 1993 paper. Our study is an effort to revive that approach. Moreover, our adapted BR framework streamlines a complicated dynamic model to simplify the application and make the identification more transparent. Our results confirm that sunk costs can greatly alter the conclusions derived from the original BR estimation strategy to measure entry threshold ratios, and support the use of the dynamic extensions of the BR framework to generate accurate assessments of industry competitive environment.
The paper proceeds as follows. Section 2 recapitulates the BR framework and describes our methodology. Section 3 introduces the broadband market and the data we use. Section 4 presents empirical results for the replication of the BR model, our baseline model, and its extensions. Section 5 concludes.
METHODOLOGY

The Bresnahan and Reiss Framework
Bresnahan and Reiss (1991) relate shifts in market demand to changes in the equilibrium number of firms. Their method works best with personal service industries where there is a one-to-one correspondence between local population and sales. In their model, each firm's profit is defined as the difference between its variable profits and its fixed operating cost. 4 To induce one more firm to enter a market, market size as proxied by the population has to rise so that variable profits generated by the increase can cover fixed operating costs. will be constant over time provided there is no change in market competitive conduct, entry and production costs change uniformly across firms, and there is no change in minimum efficient scale.
5
The BR framework is applied to local service markets such as doctors, dentists, and pharmacists, markets with stable demand and negligible growth rates. In such cases, cross sectional variation in the number of competitors across localities will show how variation in market structure affects competitive conduct. Unclear is whether we can safely apply the BR framework to an alternative market characterized by significant entry and exit. In this study, we explore the application of the BR framework to such a market and compare the results to an adaptation of the BR framework that accommodates firm entry and exit.
2.2
Baseline Model Ericson and Pakes (1995) propose an empirical framework of firm and industry dynamics allowing for entry, exit, firm heterogeneity, and idiosyncratic shocks. Their model requires detailed firmlevel data over several time periods. Our market-level data are not sufficiently detailed to apply their framework. 6 We observe the net change of the number of firms in a local market over time, but we cannot identify individual firms or obtain any firm-specific information. By exploiting the temporal entry and 5 See Bresnahan and Reiss (1991) section II for how entry threshold ratios change with minimum efficient scale in a Cournot oligopoly model. 6 Aguirregabiria and Mira (2002), Bajari and Hong (2005) , Pakes, Ostrovsky, and Berry (2004) provide simplifications along this line in order to alleviate the computational burden of estimating a discrete dynamic game, but the data requirement is similar.
exit patterns of the industry, however, we can infer information about market structure and competitive conduct beyond the capabilities of the BR framework.
At any given time, a snap shot of a growing market consists of new entrants and incumbents.
There is a key difference between the two firm types. When there are sunk entry costs, it takes less demand to sustain an incumbent than to support a new entrant. A firm enters the market when its expected discounted value of future profits ----profits defined as variable profits net of fixed operating costs ----exceeds entry costs. An incumbent firm continues operation when its expected discounted value of future profits exceeds zero, and exits the market otherwise. The purpose of the theory below is to show how firms' decisions regarding entry, continuation and exit, conditional on local demand and thus expected future profitability, will allow us to infer the magnitude of entry costs and their roles in determining entry threshold ratios. 
The BR framework is a special case of our 3-case scenario. In the markets BR studied, all firms are incumbents in an equilibrium market structure, and so case 2 in isolation can be viewed as the BR framework:
Even if the BR model admits entry costs, it cannot distinguish t SC from 1, n t µ + because there are no measures of entry costs.
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In contrast, our model allows identification of the entry costs without relying on explicit measures of entry costs. The identification comes from the variation in entry and exit patterns across markets and 9 The variance of mt ε , 2 ε σ , is normalized to unity as is typical when the dependant variable is discrete. We also normalize the constant term in * m t X β to be zero as it is not identified from the cutoff points nt µ .
across time. As shown in Figure 1 It is useful to offer a broader interpretation on how sunk costs will affect firm strategic entry decisions. In the most straightforward way, sunk costs are "necessary" investment costs for entrants to start businesses. However, there are at least two other potential components of sunk costs. First, incumbents' strategic behavior, e.g. preemption and entry barriers, may lower the entrants' expected discounted future profits. In this situation, potential entrants will delay entry as if there were higher sunk costs to enter. 11 Second, the costs consumers face in switching from incumbents to the new entrant, which are especially important in telecommunication industries, may also create disadvantages for later entrants. These disadvantages will, again, delay entry as if there were higher sunk costs for later entrants.
We cannot distinguish between these different types of sunk costs empirically, but our framework will be able to measure whether there is a difference in expected profitability between entrants and incumbents consistent with the potential differences in sunk costs faced by early and late entrants.
Extension 1: Allow Entry Costs to Vary With the Order of Entry
As just discussed, we are not able to exactly distinguish between the "necessary" and the "strategic" sunk costs. However, we can allow entry costs to vary with the order of entry in the hope of capturing the differences in sunk costs between early and later entrants. 
Extension 2: Incorporate Market Random Effects
In our baseline model, we estimate the parameters period by period, allowing them to vary with time. While this allows firms' expected discounted values of future payoffs to be flexibly determined, 12 we lose the ability to control for unmeasured market-level heterogeneity, which may be an important factor determining entry and exit. A potential solution is to estimate a market random effects model, while the market can be at county level. That is, we introduce a market-specific error term in the profit functions. For example, firms offering services in the same country may be subject to a county-specific shock. Thus a modification of our baseline model is: 
THE BROADBAND MARKET AND THE DATA
The Broadband Market
Privatization of the Internet in 1994 opened the door to its commercial use and to competition among Internet service providers. Over the decade since, the market for providers of high-speed lines has grown rapidly. The number of high-speed lines increased 10 fold from 2.8 million in December 1999 to 28.2 million in December 2003, the sample for which we have data. 13 The vast majority of these lines served residential and small business subscribers. 14 This sample period dates back almost to the birth of the market. The FCC (2000) While many other governments, most notably Korea, are investing heavily in broadband, the United States has left broadband investment mostly to private companies. In recent years, the U.S.
government's broadband strategy is to foster competition by reducing regulatory hurdles. The idea is to encourage entry and competition, which will lower prices and boost broadband use. Whether this strategy works or not boils down to examining entry conditions faced by different firms in different times, the focus of this study.
Market Definition
In order to determine entry thresholds for providers of high-speed lines, we must first define the local market. The definition hinges on the mobility of consumers' demand. An important advantage of the broadband market is that consumers' demand is certainly local ----consumers can only order services from providers which offer service in their neighborhood. Consequently, we do not face the problem common to market structure studies that customers can travel from one market to another, blurring the geographic boundaries of a market.
Our definition of a local market also reflects the type of entry decision on which we focus. In this application, we are not concerned with the decision of whether to enter or exit the broadband service market more generally, but only on the marginal decision of whether an already existing provider will serve one more local market. Our definition of the geographic boundaries of the market will reflect the sunk costs associated with this marginal market entry decision. For example, if the sunk costs of serving a new area were confined to local TV and newspaper advertising, we would define the local markets by county or city boundaries that reflect the boundaries of the local mass media market.
The best definition of a local geographic market for our study is a zip code tabulation area, as defined by the 2000 Census of Population. The marginal decision of whether or not to serve one more area involves sunk costs that are mostly committed at the zip code level, particularly in the less densely populated areas that we focus on in this study. These costs involve application of the so-called "last mile"
technology that connects the switching and distribution centers of local telecommunications and cable television companies to the home users of broadband services. Basically, providers of high-speed lines are data transporters in this "last mile" of the network. For DSL services data passes over part of the spectrum on copper telephone wires; for cable services data pass over part of the spectrum on the coaxial cable that distributes cable television. Because both services are offered over networks designed for other services, the providers must make substantial investments in renovation before serving an area. Sunk costs of serving an additional area are mainly composed of the renovation costs of the existing networks and the costs of building switching and distribution centers (Jackson, 2002) . The distance between the user's premises and a phone company's central office or cable installation is a primary factor in deciding which neighborhoods to serve and the speed of these services. DSL is typically available within a radius of 3.5 miles from the central office, 17 while cable modem service areas are larger. Based on the 2000 population Census, a typical zip code covers a radius of 3 to 4 miles, roughly consistent with the area that could be covered by a DSL system. Other possible geographic boundaries such as cities, counties, or MSAs are too large relative to a broadband service area, and could include providers that do not actually compete with each other. This makes zip code areas the finest approximation of local markets in the broadband market.
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FCC requires only facilities based providers to report their presence, and this means all the providers in the data set we use have to at least incur costs for laying out network facilities. Above said, 17 For example, San Francisco has 24 zip code areas and 12 central offices, none of which are more than four miles from each other (Prieger, 2003) . 18 Augereau, Greenstein, and Rysman (2004) take local calling areas as distinct markets to study Internet service providers' adoption of different technology standards for 56K modems. In their study, a provider's technology adoption decisions do not vary with zip codes. However, in our study each zip code may have a distinctive set of competitors.
we still need to be cautious in dealing with different types of firms and their potentially different sunk costs.
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We do not focus on the overall decision of whether a given provider enters, remains in, or exits business because market distinctions blur. Almost all providers serve multiple areas. A few have national or near-national footprints, 20 more offer services beyond one city, and hundreds of small providers only cover a small geographic area. Different sized providers will differ in their business strategies regarding the scale of geographic markets to cover. Markets defined by the overall broadband entry decision will overlap, leading to a variety of competitive interactions. Any two providers might compete with one another in some geographic areas and not in the others. Without firm identities and firm-specific coverage area in our data, the problem of overlapping markets would be insurmountable if we chose to investigate providers' entry decisions at the firm level.
The Data
Our primary data set is the provider is required to report its presence in a given zip code as long as it serves at least one customer in that zip code. The FCC then releases summary statistics to the public aggregated to the zip code level, which provides us 9 snapshots of the number of firms competing in each broadband market. Figure 2 shows that the number of high-speed Internet service providers varies substantially over time, across states, and across communities within states.
The data set is close to "ideal". 22 First, the providers of high-speed lines market is growing rapidly and there is significant entry and exit during the time span of the data. Second, we have a cleaner definition of markets than in most of the previous entry studies. The data tell us exactly how many firms are competing within a zip code. Because consumers cannot order Internet services from providers not servicing their home market, the zip code market boundary is exact.
The data has several drawbacks, however. We do not know the identities of the firms, so we can only observe net instead of actual entry and exit. It is likely that high-speed Internet services are correlated across adjacent zip codes as most providers serve more than a single zip code, but we have no way to deal with this potential correlation. 23 Furthermore, cable and DSL are different products that are not perfect substitutes, but we are unable to distinguish between them. Mitigating this problem is the similarity in cost and structure for DSL and cable modems (Jackson, 2002) . 24 Small providers, many of which serve sparsely populated areas, are not required to report to FCC, potentially causing measurement errors in our econometric analysis. 25 Again fortunately, few providers would fall into this category.
Research shows that entry will not pay off unless there are at least 200 lines in a DSL service area (Paradyne, 2000) . The most serious drawback is that the FCC summary data by zip code does not distinguish between 1, 2 or 3 providers to avoid violating confidentiality. This prevents us from studying the change of competitive conduct from the 1 st to the 3 rd provider.
22 Citing Bresnahan and Reiss (1991) , "ideally, we would like to observe a single industry in which market demand has fluctuated enough to cause significant firm turnover." 23 However, these correlations do not affect the consistency of our estimates (need elaboration). 24 Jackson (2002) compares the costs of cable versus DSL from all aspects: 1) the cost of modems; 2) the cost of connecting to the aggregated traffic; 3) the cost of the transmission plants; 4) the cost of the DSL's central office and the cable system's head end; 5) the cost of marketing, installation, and customer support. He concludes that the costs only differ slightly across the two platforms. 25 Small providers (with less than 250 high-speed lines) may provide information on a voluntary basis.
To complement the main data, we merge in information from the 2000 Population Census based on zip code tabulation areas (ZCTAs). 26 Our measure of market size is the population in ZCTAs. In addition, we use average income, education, age, ethnicity, commuting distance, population density etc.
as factors affecting local demand for and/or the cost of providing high-speed Internet services. The zip code data are also matched to the Federal Information Processing Standards (FIPS) codes, which allow us to merge in the number of firms per thousand in the county population in 1998. We use this variable from the Bureau of Economic Analysis as a proxy for local business activities.
Sample Selection and Summary Statistics
While zip code areas provide a good geographic definition for our broadband markets, we need to further refine our market definition to ensure: 1) measurement errors in the data are minimized; 2) a market covers a large enough geographic area so that sunk costs must be committed to enter; 3) all providers in a market are able to compete with each other. To satisfy these conditions, we select a sample from the universe of 31913 zip codes in the United States. 27 We first sort the data by population density.
We drop the bottom 5 percent, which corresponds to very sparsely populated rural areas, where the measurement error problem is more severe (see section 3.3). We also drop the top 5 percent, which corresponds to metropolitan areas (e.g. San Francisco, New York City) where zip codes may not provide a sufficiently large area. 28 For the rest of the zip code areas, we opt for zip codes with populations below the median (roughly 2750) to focus on markets that would be more prone toward an oligopoly structure.
Furthermore, a zip code with populations above the median covers a much larger geographic area and we 26 ZCTAs, defined by the Census Bureau, are not identical to zip codes, defined by the U.S. postal service. However, all the zip codes from the FCC data do have a match in the 2000 Census data. 27 We do not include Puerto Rico zip codes in the universe of the zip codes. We also delete zip code areas with "HH" or "XX" as the last two digits. They are specially coded by the Census Bureau to cover large water areas or rural areas with few people (e.g. parks, forest lands, desert, and mountainous areas). 28 A typical zip code area in this category covers a radius less than 1 mile. Table 1 reports summary statistics on the average number of providers and the proportion of zip codes experiencing net entry or no net change. As shown here, the number of providers in a zip code area has increased monotonically over time. In December 1999, these markets averaged only 0.27 providers per market. Four years later, they averaged 1.09 providers per market. There is tremendous variation in the distribution of providers. In December 1999, 74% had no providers while others had as many as 9.
Four years later, 27% had no providers while other markets had as many as 17. Entry and incumbency occurred steadily over the nine periods except for a surge of entry during December 2000 and June 2001.
In every 6 month time period, around 10% of the zip codes added at least one more net provider. Around 85% had no net change in providers, leaving the residual 5% losing at least one provider. Table 2 reports the proportion of zip codes with various numbers of providers in each of the periods. There was considerable entry over the four years. Almost 50% of the zip codes experienced a first entrant during the period. The most significant growth was in the 1 to 3 provider category, with the share of zip codes in that group rising from 26% to 64% over the period. American, and 0.4% Asian. Median household income average $35 thousand with 38% percent of the population having had at least some college education. One-third of the population is over 60. Around 5% 29 We can show that there is strong positive correlation between population residing in a ZCTA and the area size of this ZCTA when metropolitan ZCTAs are dropped from the sample. 30 We have tried some different cutoff points in all steps of selecting the sample (specifically, dropping the top and bottom 10% based on population density and/or dropping zip codes with populations below [2500, 4000]). The results are similar. 31 The population density is 189 per square mile on average. Note, the population density is a non-linear function of population and land area, therefore the mean of the population density is different from the mean of population divided by the mean of land area.
of the working population work at home, while around 20% have to spend more than 40 minutes commuting to work. Around 20% of households rent, and the vast majority (96%) have a telephone at home. Because of our sample selection criteria, 92 % of the population is rural. On average, there are 24 firms per thousand in the population.
RESULTS
A closer look at the data can give us an idea why the static BR framework cannot be applied to an industry with significant growth. Table 4 reports the percentage of all the zip codes with n firms that experienced net entry or no net change over each 6 month period under study. As of June 2000, 31.7% of the markets with 1 to 3 providers gained at least one provider. The percentage decreases over time so that by December 2003, only 7.5% of the markets with 1 to 3 firms had experienced net entry over the previous six months. The rest of the categories display a similar pattern, but the change over time is much smaller. This suggests that entry into the 1 to 3 provider category happens much earlier than entry into other categories. While markets with 4 n > providers still experience significant entry at the end of the time period, markets with 1 to 3 providers are composed mostly of incumbents. In that group, 91% experienced no net entry or exit in the six-month period ending in December 2003. Without considering the sunk costs which only entrants have to incur, the BR framework will generate a weighted average of the "true" entry threshold and a smaller, "incumbency" threshold----the market size that allows the th n incumbent firm to remain in business. Therefore, the BR replication results will underestimate entry thresholds for all categories, with the bias most significant for the category with 1-3 firms toward the end of our survey period when incumbents dominate the sample. We conjecture that the BR framework will overestimate the entry threshold ratios most for areas with more prosperous businesses activity, as measured by firm density, attract more. All these coefficients are stable over time and most of them are statistically significant. The only puzzle is that population density lowers the number of providers as one would think that the cost of providing Internet services should be lower in more densely-populated areas.
Replication of the Bresnahan and Reiss Framework
In table 5, the cutoff points nt µ are estimated with very good precision. . The entry threshold indicates the market size necessary to support n firms at time t , as measured by population size in thousands. Note that these thresholds are comparable across time periods because they are defined as ratios of coefficients, and so the units cancel out. As time goes by, less population is necessary to support a given number of providers.
As shown in the table, around 2,400 people are necessary for a zip code area to support 1 to 3 providers in 32 People in the same household usually share one broadband provider so larger households reduce effective demand. unrevised measure that is subject to greater downward bias. The implication is that firms are finding it increasingly difficult to enter the broadband markets with less than four incumbent firms.
Results of Our Baseline Model
The construction of table 7, 8a, and 8b is the same as table 5, 6a, and 6b. As we discussed earlier, we expected that the BR framework would underestimate entry thresholds by ignoring entry costs, especially for entry into the 1-3 firm category and that the bias would increase later in the period as incumbents increased in proportion to the total number of firms. Table 8a confirms our predictions. Every threshold reported here is larger than its counterpart in table 6a. By
December 1999, the population necessary to support a 1-3 firm oligopoly was 3,606, while the BR estimate was 2,420; by December 2003, the population necessary to support the same market structure was 2,024 rather than 186 as implied by the BR estimate. These patterns are the same for all other market structures. In other words, the BR framework generates a downward bias in estimating entry thresholds. and is theoretically bounded above unity, there seems to be no change of the entry conditions for the 4 th entrant from a 3-firm market structure. Therefore, though we are not able to infer the competitive conduct change inside the 1-to-3 firm category due to data limitations, we are safe to conclude that the fringe players from the 4 th firm on have little effect on the competitive conduct of the broadband market.
In table 9, we test formally for systematic differences in entry threshold ratios over time. We use likelihood ratio tests to examine whether entry threshold ratios remain unchanged from period 1 t − to t .
To perform the test for the null hypothesis Table 10a and 10b reports results from the first extension of our baseline model, which allows entry costs to vary with the order of entry. the entrants into the 1-to 3-firm oligopoly market has distinctively different entry costs than the later entrants. As Greenstein (2000) argues, many small and medium providers took strategic positions as early movers into new technology and new services as a way to develop local customer bases and differentiate from their branded national rivals. Our evidences support his argument: early mover advantages seem to discount entry costs for early entrants into the broadband market, or put it another way, increase the "strategic" entry costs for later entrants.
Do Entry Costs Vary with the Order of Entry?
4.4
How Important is County-specific Heterogeneity? In fact, all the structural parameters and their variances are very closely estimated with or without countylevel random effects. This is not surprising: our baseline model already produces consistent estimators and the random effects model can only improve efficiency. With our large sample of zip codes, the baseline model is already estimated with good precision. If the sample size is small and parameters are less precisely estimated, we suspect that incorporating market random effects might play a more significant role. The relative ease with which market-level heterogeneity can be incorporated into our adapted BR framework will help in future investigations of markets structures that have more limited samples.
CONCLUSIONS
In this paper we incorporate sunk costs into an empirical framework estimating a discrete game of firm entry and exit. Application of our framework to a fast evolving market ----the broadband market from 1999 to 2003 ----displays a drastically different picture from the one well established in the literature. The huge variations in the changes of competitive conduct when the 4 th firm enters exist only as an artifact of disregarding entry and exit in the empirical framework. Our results show that there are only small variations of entry threshold ratios. Once the market has between one to three firms, the next entrant has little effect on competitive conduct in the local broadband market. Our work highlights the importance of sunk costs in determining entry conditions and inferences about firm conduct.
An immediate next step to this paper should allow for entrants' expectation of the evolution of future market structure. For example, firms may have a greater incentive to be among the first set of entrants if they expect that the market will support a stable oligopoly market structure rather than inducing additional entry that quickly dissipates rents. This "preemption" behavior is beyond the capability of our current framework and warrants future research.
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Pakes, A., M. Ostrovsky, and Steve Berry (2004) Zip code market has net entry in the 6 month period (yes=1, no=0)
Dec 1999 Note: Numbers in parenthesis are standard errors for all tables reporting estimation results. * significant at 10% level, ** significant at 5%, and *** significant at 1%. (Table 8a ) and entry threshold ratios (Table 8b ) using the coefficient estimates in table 7. We also calculate the standard errors for entry thresholds and entry threshold ratios using the Delta method. In table 8a and 8b, all estimates are at least significant at 10% level; the majority of them are significant at 1% level. In table 11b and 11c, all estimates are at least significant at 10% level; the majority of them are significant at 1% level.
